INTRODUCTION
============

Necrotizing fasciitis (NF) is a life-threatening infection that extensively invades the fascia and subcutaneous layer. NF in the head and neck region comprises approximately 2.6% to 5% of total NF cases \[[@b1-acfs-2019-00696],[@b2-acfs-2019-00696]\]. The scarce reports and low incidence may be due to the high vascularity of these regions \[[@b3-acfs-2019-00696],[@b4-acfs-2019-00696]\]. NF of the head and neck is commonly of odontogenic origin and, due to its adjacency to the oral cavity, the lip is highly susceptible \[[@b5-acfs-2019-00696]-[@b7-acfs-2019-00696]\]. The most common pathogen causing NF has been reported as group A streptococcus (GAS); however, recently, there have been increasing reports of *Klebsiella pneumoniae* as another significant pathogen, with its rapid and aggressive features accentuating its clinical significance \[[@b8-acfs-2019-00696],[@b9-acfs-2019-00696]\]. In this study, we elucidate our experience with treating NF in the upper lip of a patient with uncontrolled diabetes mellitus (DM). There was a high risk of mortality due to non-ST elevated myocardial infarction (NSTEMI) and the positive tissue culture for *K. pneumoniae* obtained immediately after admission, which led to rapid worsening of the disease and progression to septic shock. Nevertheless, due to intensive medical management and the use of intravenous broad-spectrum antibiotics, accompanied by active debridement and subsequent reconstruction, the interventions for this case were successful.

CASE REPORT
===========

A 60-year-old woman with a history of DM and chronic renal failure was admitted to the hospital with severe pain in her upper lip which began 4 days earlier, with a bullous lesion and suspected cellulitis in the upper lip. A special trauma history was denied. Since a zoster infection was suspected, she was admitted to the department of dermatology where antiviral treatment was initiated. Although she was aware of having DM, she did not regularly adhere to her medication. At the time of admission, she had a serum glucose level of 346 mg/dL, hemoglobin A1c of 7.8%, white blood cell count of 12,000/μL, and C-reactive protein level of 93.7 mg/L.

At midnight on the 1st day of admission, she complained of sudden chest pain; and electrocardiography and cardiac enzyme measurements confirmed the diagnosis of NSTEMI. Consequently, she was moved to the intensive care unit and transferred to the department of internal medicine. During the night, a sudden high fever exceeding 38°C and hypotension were observed, mental status deteriorated to stupor, and her general condition worsened. The swelling and inflammation of her upper lip increased, and later, an ulcerative lesion on the oral mucosa of the upper lip was detected. The intra-oral wound had a foul odor with purulent discharge. Laboratory reports showed a white blood cell count of 23,000/μL and a C-reactive protein level of 385.8 mg/L which strongly suggested septic shock, and warranted work-ups such as blood and pus culture tests. Coronary angiography performed following the NSTEMI confirmed a 3-vessel disease, with severe stenosis that made stent treatment virtually impossible. Due to the patient's immediate mortality risk, intravenous broad-spectrum antibiotics, boosters, and other adjunctive treatment measures were commenced immediately.

On the 2nd day of admission, the upper lip gangrene and necrosis rapidly progressed ([Fig. 1A](#f1-acfs-2019-00696){ref-type="fig"}). Contrast-enhanced facial computed tomography (CT) showed diffuse gaseous necrosis and cutaneous fistula of the upper lip ([Fig. 1B](#f1-acfs-2019-00696){ref-type="fig"}). A chest CT performed for persistent dyspnea showed an abscess-like lung nodule in the right upper lobe, which may have resulted from septic emboli originating from the upper lip infection ([Fig. 1C](#f1-acfs-2019-00696){ref-type="fig"}). The Laboratory Risk Indicator for Necrotizing Fasciitis score was 10 points, placing the patient in the high-risk category; this measure considers C-reactive protein level, white blood cell count, serum hemoglobin, glucose, sodium, and creatinine level. Due to an impression of septic shock as a result of the upper lip NF, immediate surgical intervention was planned. Debridement under general anesthesia confirmed full-layer necrosis of the upper lip including the orbicularis oris muscle ([Fig. 2A](#f2-acfs-2019-00696){ref-type="fig"}).

On the 5th day of admission, *K. pneumoniae* was confirmed in both blood and initial pus cultures; hence, an antibiotic regimen consisting of ceftriaxone and metronidazole was chosen. Serial debridement was performed until the purulent discharge ceased. On the 13th day of admission, the follow-up pus culture confirmed *K. pneumoniae* and methicillin-resistant *Staphylococcus aureus* (MRSA). Five weeks after the initial debridement, a full-layer skin and soft tissue defect with scar contracture was evident over almost half of the entire upper lip ([Fig. 2B](#f2-acfs-2019-00696){ref-type="fig"}). After thorough upper lip wound care and continuous stabilization for inadequate renal and cardiopulmonary functions and diabetes, she was discharged on the 50th day of admission.

Six months later, a scar release and Abbe flap coverage were performed, with functional and aesthetic considerations, to correct the drooling and lip seal due to the resultant upper lip defect and scar contracture ([Fig. 3A](#f3-acfs-2019-00696){ref-type="fig"} and [B](#f3-acfs-2019-00696){ref-type="fig"}). Flap detachment was performed after 3 weeks and flap division after 3 months. Follow-up revealed favorable correction of the upper lip drooling. The patient was satisfied with the results ([Fig. 3C](#f3-acfs-2019-00696){ref-type="fig"}).

DISCUSSION
==========

The outcome for general NF patients can be fatal with a mortality rate as high as 29.7%, according to previous studies \[[@b8-acfs-2019-00696],[@b10-acfs-2019-00696]-[@b13-acfs-2019-00696]\]. Therefore, a presumptive diagnosis and rapid treatment are necessary, as delayed diagnosis of NF is directly associated with increased morbidity and mortality. Nonetheless, as seen in this case, early features of NF can easily be mistaken for cellulitis, and thus, require a high index of suspicion. Magnetic resonance imaging and CT play important roles in the diagnosis, differentiating it from cellulitis \[[@b3-acfs-2019-00696],[@b14-acfs-2019-00696]\]. NF should be suspected in patients with rapid progression of infection, abnormal gas accumulation in the soft tissues, and systemic toxicity, especially in those with risk factors such as diabetes, severe kidney, heart or lung diseases, human immunodeficiency virus infection, vascular insufficiency, malnutrition and obesity \[[@b1-acfs-2019-00696],[@b3-acfs-2019-00696],[@b7-acfs-2019-00696],[@b15-acfs-2019-00696]\].

Management of NF is based on several principles. The initial surgical excision and debridement help in arresting the spread of the necrotization, stopping the release of inflammatory mediators responsible for systemic complications. A delay in performing aggressive surgery is associated with a high mortality rate. Using antibiotics is the mainstay of antimicrobial treatment. Antimicrobial coverage for MRSA may be needed if this organism is detected or suspected. Daily wound care is essential after surgical debridement, for further removal of compromised tissue. Wound irrigation and wet-to-dry dressing changes are recommended. Reconstruction should be delayed until infection resolves. Adjunctive therapies such as hyperbaric oxygen therapy may be necessary. Hyperbaric oxygen increases free radicals and helps neutrophil-mediated killing of bacteria. It also acts as a bactericide for certain anaerobes. It reduces mortality, shortens the duration of hospitalization and decreases the required number of surgical debridement \[[@b3-acfs-2019-00696]\].

Though the most common pathogen contributing to NF is GAS, *K. pneumoniae* is an emerging pathogen around the East Asian region. According to Cheng et al. \[[@b9-acfs-2019-00696]\], among immunocompromised NF patients such as diabetics, *K. pneumoniae* is a more common cause than GAS, specifically in Korea. The same authors also reported that 47% of *K. pneumoniae* NF patients died due to septic shock while only 19% of GAS-NF cases were fatal. Similar results were reported by multicenter studies in South Korea, with approximately 20% mortality in GAS-NF cases compared to 58% of mortality in *K. pneumoniae* NF. Moreover, patients with Gram-negative infections were more likely to have chronic alcoholism, intensive care admission, and septic shock \[[@b16-acfs-2019-00696]\]. Furthermore, another study reported that NF patients with DM had more than a seven-fold increase in mortality if *K. pneumoniae* was present in blood cultures and wounds \[[@b8-acfs-2019-00696],[@b16-acfs-2019-00696]\].

Many cases of *K. pneumoniae* infection have mixed pathogens, which are more likely to develop bacteremia and distant abscesses. In a report by Jin et al. \[[@b17-acfs-2019-00696]\], lower lip NF patients with uncontrolled DM had *K. pneumoniae* and *Candida albicans* in tissue culture. In the case presented by Ku and Park \[[@b18-acfs-2019-00696]\], a mid-face NF patient with uncontrolled DM had a wound infected by *K. pneumoniae* and group B streptococcus. Choi et al. \[[@b19-acfs-2019-00696]\] also reported a case of mixed infection by *K. pneumoniae*, *Enterococcus faecalis*, and *Candida* species in a flank NF patient with DM. In this case, however, *K. pneumoniae* appeared alone in the initial culture, and MRSA appeared as a mixed pathogen afterwards. If anaerobic and fungal cultures had been performed initially, mixed pathogens may have been reported in the initial culture. The features reported in the aforementioned cases align with the findings of this study, including underlying DM, mixed pathogens, and rapid progression. Differing aspects in this case, however, were in the manifestation of severe systemic features such as bacteremia, focal septic embolism to the lung, and septic shock due to *K. pneumoniae* NF. Initial symptoms were minor, resembling those of cellulitis, but within 24 hours, she rapidly deteriorated; thus, this case carried a high risk of mortality.

The essential details highlighted in this case show that if NF is suspected in patients with underlying diseases such as DM, *K. pneumoniae* should be considered as a contributing pathogen, particularly if accompanied by distant dissemination, positive blood culture for *K. pneumoniae*, and confirmed bacteremia. These features forewarn the very high risk of mortality, and active and intensive care with aggressive debridement and broadspectrum antibiotics should be administered.
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![Initial features of the patient. (A) A 60-year-old woman with diabetes mellitus and gangrenous changes in the upper lip with severe infection. (B) Contrast-enhanced facial computed tomography image showing diffuse gaseous necrosis and cutaneous fistula involving the upper lip. (C) Chest computed tomography image showing an abscess-like lung nodule in the upper right lobe, suspected to be septic emboli, which disseminated from the upper lip infection.](acfs-2019-00696f1){#f1-acfs-2019-00696}

![Several debridements under general anesthesia were performed. (A) Intraoperative view showing full-layer necrosis of upper lip including orbicularis oris muscle. (B) After serial debridement, almost half of the entire upper lip was affected with a full-layer skin defect with scar contracture.](acfs-2019-00696f2){#f2-acfs-2019-00696}

![To correct the drooling and lip seal due to the resultant upper lip defect and scar contracture, scar release and Abbe flap coverage were planned. (A) Six months later, Abbe flap surgery was performed for delayed reconstruction of the upper lip. (B) Immediate postoperative view. (C) Three-month follow-up view.](acfs-2019-00696f3){#f3-acfs-2019-00696}

[^1]: This article was presented at the PRS Korea 2019 on November 9, 2019 in Seoul, Korea.
